Abstract
Introduction
Corneal hydrops (CH) is a rare condition caused by a break in Descemet's membrane (DM) [1] . It is characterized by the development of marked corneal edema secondary to leakage of aqueous into the stroma [1] . CH is typically seen in patients with corneal ectatic disorders, and the main risk factors associated with its occurrence are atopy and vigorous eye rubbing [2] . CH has only rarely been described in nonectatic disorders. To our knowledge, there has been only 1 case report of CH in a nonkeratoconic patient who had Acanthamoeba keratitis without corneal perforation [3] . Our patient is the oldest reported individual to be diagnosed with CH and the second to experience CH in the setting of a nonperforated corneal ulcer.
Case Report
A 77-year-old man presented with a 1-day history of severe pain, redness, mucous discharge and photophobia in the right eye. The past ocular history included a diagnosis of endstage glaucoma with no light perception vision in the right eye and primary open-angle glaucoma in the left eye. The patient had been using combination timolol/dorzolamide 2 times daily in both eyes, brimonidine 2 times daily in both eyes and latanoprost once daily in both eyes for many years. He denied experiencing any trauma, contact lens use, eye rubbing, ocular surgery, refractive surgery or any similar previous episodes. The patient's medical history was unremarkable, and he had no known allergies or atopic diseases including asthma, eczema and contact dermatitis. At the initial presentation, visual acuity was no light perception in the right eye and 20/20 in the left eye. Intraocular pressure was soft to palpation in the right eye and 24 mm Hg in the left eye. A slit-lamp examination of the right eye revealed 3+ to 4+ diffuse conjunctival injection and inferior-nasally an area of focal corneal edema (8 mm in diameter) and corneal protrusion. Within the area of edema and protrusion, there was a superficial infiltrate with an overlying epithelial defect (4.4 × 4 mm) consistent with an infectious corneal ulcer. The anterior chamber was shallow and filled with a 4-mmlayered hypopyon associated with hyphema ( fig. 1a ). The Seidel test was negative in the right eye. The left eye was unremarkable. Based on the clinical findings, a diagnosis of CH associated with a nonperforated corneal ulcer was made in the right eye. A decision was made to start hourly empiric fortified vancomycin and tobramycin eye drops and culture on follow-up if the ulcer did not appropriately respond to treatment. During the course of treatment, the patient reported a gradual reduction in pain and redness in the right eye, and his corneal exam improved with gradual resolution of the CH ( fig. 1b, c) . Four weeks after presentation, a slit-lamp examination of the right eye revealed a healed ulcer with corneal scarring and vascularization that extended from 2 to 5 o'clock, no residual edema and no hypopyon ( fig. 1d) . A corneal topography was performed in the uninvolved left eye which showed no signs of keratoconus (KC). Interestingly, corneal thinning was detected with a central corneal thickness of 451 μm.
Discussion
CH develops after an acute rupture of DM which leads to severe stromal and epithelial corneal edema [1] . It was initially reported in individuals with KC [1] . Subsequently, CH has been reported in the setting of several degenerative corneal disorders including pellucid marginal degeneration, keratoglobus and Terrien's marginal degeneration [2, 4] . It has also been reported as a late and uncommon complication of penetrating keratoplasty for KC [5] . However, CH is a relatively rare condition even in the setting of a corneal ectasia. Approximately 11.5% of pellucid marginal degeneration cases, 11% of keratoglobus cases and 2.5-3% of eyes with KC develop CH, which is more common in males in their second or third decade [1, 2, 4] . In the setting of corneal ectasias, the development of CH is rare in elderly patients [2] . Previous studies reported a mean age of 40 years at the onset of hydrops with a range from 12 to 66 years [2] . Additionally, an inverse relationship between age and CH severity has been reported in KC [6] . Based on our patient's age, the clinical findings and corneal topography of the uninvolved eye, our patient's CH was unlikely due to KC. However, the possibility of other ectatic disorders cannot be ruled out completely as we do not have a corneal topography of the involved eye prior to CH.
The risk factors for developing CH are similar to those for KC. In keratoconic patients, many risk factors have been linked to CH development including vernal keratoconjunctivitis, atopy, early age of onset and vigorous eye rubbing [2, 7] . However, eye rubbing is considered the most significant risk factor [2] . Although no genetic or racial predisposition has been identified, CH in the setting of KC has been reported in Down's syndrome and it has been seen more frequently in Pacific ethnicity compared to New Zealand and European ethnicity [1, 8, 9] . Our patient, however, denied a history of eye rubbing or atopy.
CH has only rarely been reported in cases of corneal infections. One case report described CH in the setting of Acanthamoeba keratitis [3] . Acanthamoeba can penetrate all corneal layers and also produces cytolytic enzymes and proteases that can damage and destroy cellular elements of the cornea [3] . These attributes may have led to the occurrence of DM rupture, which was confirmed by ultrasound biomicroscopy [3] .
In our case, the diagnosis of CH was made clinically based on the focal nature of the edema and its appearance on resolution. However, as imaging was not obtained to confirm a DM rupture, we cannot rule out the possibility of another pathology such as focal endothelial dysfunction driving the clinical presentation. We postulate that the central corneal thinning in the left eye without evidence of ectasia may be explained by the patient's ocular history of glaucoma. Prior studies have reported that patients with primary open-angle glaucoma have thinner corneas than controls without disease [10] .
CH is associated with marked epiphora, severe pain, photophobia and sudden onset of visual dysfunction [1] . As in our patient, slit-lamp examination typically shows marked stromal and epithelial microcytic edema, intrastromal cyst or clefts and conjunctival hyperemia [11] . According to the size of edema, CH can be classified into 3 grades: grade 1 for edema less than a circle of 3 mm in diameter, grade 2 for edema between 3 and 5 mm in diameter and grade 3 for edema greater than 5 mm in diameter [11] . As such, our patient's CH could be classified as a grade 3. Histopathologically, factors other than breaks in DM have been found important in the formation of CH. For example, many studies found that intrastromal cleft formation was an important factor for CH development in KC patients [12, 13] . By increasing the surface area exposed to the anterior chamber, the intrastromal clefts may facilitate and accelerate the development of severe corneal edema [13] . Unfortunately, we did not obtain ocular coherence tomography images during the patient's course and cannot comment if these findings were seen in our patient.
As in our patient, most eyes with CH experience resolution of corneal edema, which can occur between 5 and 36 weeks after the acute episode [1, 2] . As the endothelial defect heals, aqueous leakage is prevented with subsequent resolution of stromal edema [1, 11] . The DM detachment (gap formation between DM and stroma) has been postulated to play a role in delaying the resolution of corneal edema [1, 13] . In addition, some studies suggest that severe CH cases associated with stromal neovascularization may require a longer time to resolve [12, 13] . CH is typically managed by conservative measures, although surgical interventions have also been described but were not needed in our patient [1, 14] . To summarize, we present the second case of CH in a patient with a corneal ulcer. Conservative management led to the resolution of the CH in our patient. Fig. 1 . Slit-lamp photograph of the right eye demonstrating CH in a nonperforated corneal ulcer at day 1 (a). Improvement in the CH was seen at day 4 (b) and day 10 (c). By 1 month, complete resolution of the CH and corneal ulcer were noted (d).
